PHA*, an extract of the kidney bean, Pha8eolus vulgari8, causes small lymphocytes, maintained in vitro, to be transformed into blast cells, which then enter cell division (Nowell, 1960; Marshall & Roberts, 1965) . This transformation is preceded by an early rise in RNA synthesis (McIntyre & Ebaugh, 1962) and protein synthesis (Cooper, 1962) and is accompanied by the initiation of DNA synthesis (Cooper, Barkhan & Hale, 1961) . Some of the PHA-stimulated increase in RNA synthesis in lymphocytes can be accounted for by the synthesis of ribosomal RNA (Rubin & Cooper, 1965) . Ribosomal RNA is synthesized slowly by unstimulated lymphocytes.
Cycloheximide (Actidione) inhibits protein synthesis in yeast (Kerridge, 1958) , mammalian cell cultures (Bennett, Smithers & Ward, 1964) and other cells. It also inhibits the synthesis of ribosomal RNA in yeast (Fukuhara, 1965; de Kloet, 1965) and Neurospora (Fiala & Davis, 1965) but it has little effect on RNA synthesis in cultured mammalian cells (Bennett et al. 1964 ; Ennis & Lubin, 1964) .
The present paper reports the effect of cycloheximide on protein and RNA synthesis in human lymphocytes and in lymphocytes incubated with PHA.
MATERIALS AND METHODS
Chemicals. [5-3H] Uridine (5*0 or 14-3c/m-mole) and DL- [1-l4C] Cultures usually contained 0*8 x 106-1-2 x 106 lymphocytes/ ml. Lymphocyte cultures were maintained in stationary culture at 37°. In many experiments it was necessary to 815 replace the medium during the incubation. The old medium was removed after gentle centrifugation of the cultures, and replaced by 0-5ml. or 2-Oml. portions of fresh medium composed of 20% of bovine serum and 80% of medium TC 199, previously warmed to 37°. PHA was added to the bulk lymphocyte suspension before the cultures were set up and other additions were made either to the bulk lymphocyte suspension or to portions of fresh medium before addition to the cultures.
If the medium was replaced after exposure of cultures to PHA for 3hr. or more, omission of PHA from fresh medium did not affect the subsequent incorporation of [14C] leucine, in agreement with the findings of Newsome (1963) .
In (Earle, 1943) and once with medium R [10mm-KCl-20mM-tris-HCI (pH7-5)-1l5MM-MgCl2]. The cells were then suspended in 20ml. of medium R and the cells from three 2ml. lymphocyte cultures were added to 3ml. of ascites suspension. The cells were allowed to swell for 10nmin. at 00 and then homogenized in a tightly fitting homogenizer (Munro, Jackson & Korner, 1964) at 00. The homogenates were centrifuged at 10000 g for 10min. at 00, the supernatants were removed and each was diluted to 6ml. with medium R, layered over 6ml. of M-sucrose in medium R and centrifuged at 105000 g for 3hr. The supernatant was decanted, and the pellet was rinsed with medium R and resuspended in 0-4ml. of medium R.
Extraction of radioactive RNA. RNA was extracted from cells after they had been suspended in rat-liver postmitochondrial supernatant, which was used to provide carrier RNA.
Female albino rats, starved overnight to deplete the livers of glycogen, were decapitated and the livers rapidly removed. The tissue was cut up with scissors in ice-cold 0-25m-sucrose-20mM-tris buffer (pH7.4)-3mM-magnesium acetate and rinsed free of blood. It was homogenized (Munro et al. 1964 ) at 0°in 3vol. of the same medium and the homogenate centrifuged for 15min. at 10000g at 00 to remove cell debris, nuclei and mitochondria. The postmitochondrial supernatant was decanted and diluted to 35ml./liver with the homogenizing medium.
Cells from three to six 2ml. cultures were suspended in 10-15ml. of post-mitochondrial supernatant. Sodium dodecyl sulphate was added (0.1% final concn.) and the suspension was shaken with freshly redistilled phenol (saturated with water) at 630 for 3min. and then rapidly cooled. In some experiments the extraction was carried out at 40 without sodium dodecyl sulphate and the aqueous layer after separation was made 0.1% with respect to sodium dodecyl sulphate. After centrifugation the aqueous layer was removed and protein re-extracted twice more with phenol at room temperature. Sodium acetate, pHS52
(final concn. 2%, w/v), was added to the aqueous material and the RNA was precipitated overnight at -15°with 2-5vol of ethanol. The precipitate was washed twice with 96% (v/v) ethanol and once with ether and dissolved in 0-4ml. of 0 1M-NaCl-0-Olm-sodium acetate, pH5-2. Residual ether was blown off with air.
Analysis of RNA and ribosomes by 8ucrose-densitygradient centrifugation. Linear gradients were prepared and fractionated as described by Munro et al. (1964) . For ribosomes the gradients were 10-30% (w/v) sucrose in medium R and 0-2ml. samples of ribosome suspension were used. The gradients were developed by centrifugation at 37000 rev./min. for lhr. in the SW39 rotor of the Spinco model L centrifuge. For RNA the gradients were 5-20% (w/v) sucrose in 0-1M-NaCl-0-01M-sodium acetate, pH5-2, and the centrifugation time was 3-5hr. Fractions (3 drops) were collected and each was diluted with 0-9ml. of glassdistilled water before determination ofE260. Determination of the radioactive RNA in each fraction was as described by Munro et al. (1964) .
RESULTS
Effect of cycloheximide on [14C]leucine incorporation into protein. Anal;ysis of labelled RNA by sucrose-densitygradient centrifugation. Fig. 2(a) shows that the RNA synthesized by unstimulated cultures during the first 2hr. of incubation in vitro has a heterogeneous sedimentation pattern, with a peak between the 4s and 18s components of rat-liver cytoplasmic RNA. This pattern was not markedly affected by the presence of cycloheximide in the incubation medium (cf. Figs. 2a and 2b) .
The RNA synthesized by cultures incubated with PHA for 48hr. and then incubated with [3H]-uridine for a further 2hr. shows peaks of radioactivity corresponding to the 4s, 18s and 28s E260 peaks of rat-liver cytoplasmic RNA (Fig. 3a) . When (Fig. 4) RNA was extracted from three 2 ml. cultures at 40 without sodium dodecyl sulphate. Sucrose-density-gradient centrifugation was as given in Fig. 2 In some 'chase' experiments unlabelled uridine alone was used. Even when the uridine concentration was as high as 10OmM, a concentration that, when added together with [3H]uridine, inhibited its incorporation more than 99%, the loss of labelled material was very much slower than that observed with an actinomycin 'chase'. Sample no. cultures were grown in the presence or absence of PHA.
DISCUSSION
Transformation of lymphocytes into blast cells is accompanied by an increase in the rate of protein and RNA synthesis (Cooper, 1962; McIntyre & Ebaugh, 1962; Epstein & Stohlman, 1964; Mueller & Le Mahieu, 1966) . Our findings confirm these observations. It is not surprising that cycloheximide inhibited protein synthesis in cultures grown with or without PHA (Fig. 1) , for it inhibits protein synthesis in other cells and tissues (Kerridge, 1958; Bennett et al. 1964) .
There is evidence that much of the RNA synthesized by lymphocytes in the presence of PHA is ribosomal RNA. Electron-microscopic studies have shown that blast cells contain larger numbers of ribosomes and more prominent nucleoli than are found in small lymphocytes (Tanaka, Epstein, Brecher & Stohlman, 1963; Johnson & Roberts, 1964) . Rubin & Cooper (1965) found that lymphocyte cultures exposed to PHA synthesize significant quantities of ribosomal RNA as well as increased amounts of unstable RNA.
Our results confirm these findings and demonstrate that cycloheximide inhibited [3H]uridine incorporation into RNA by cultures incubated for 24 or 48hr. with PHA. Much of the inhibitory effect was on the synthesis of ribosomal RNA, for labelling of ribosomes (Fig. 5) and of the 18s and 28s peaks of ribosomal RNA (Figs. 3 and 4) were decreased by incubation of the cultures with cycloheximide. The RNA labelled in the presence of cycloheximide was less stable than that synthesized in control cultures. Much of the unstable (0-5ml.) were incubated with [3H]uridine (3-3,uc/ml.) with or without cycloheximide (25 .ug./ml.) for 1-5hr. The medium was then replaced by fresh medium containing actinomycin (10,tg./ml.) and uridine (0.1 mM) RNA is not ribosomal precursor (Rubin & Cooper, 1965) . This result can be explained in terms of cycloheximide inhibition of ribosomal RNA synthesis, for this would leave a higher proportion of the newly synthesized RNA in an unstable component. Inhibition of synthesis of ribosomal RNA by cycloheximide has been reported in yeast (Fukuhara, 1965; de Kloet, 1965) and Neurospora (Fiala & Davis, 1965) . There is an accumulation of RNA with a DNA-like base ratio in yeast treated with cycloheximide (de Kloet, 1965) . Unlike the results with yeast, previous reports with mammalian cells have shown little effect of cycloheximide on RNA synthesis. Bennett et al. (1964) found some inhibition of RNA labelling in human epidermoidcarcinoma cells between 2 and 4hr. after cycloheximide, but little inhibition between 4 and 24hr. Ennis & Lubin (1964) reported that cycloheximide caused no inhibition of uridine incorporation into RNA of L cells during a 1 hr. period but some inhibition was observed after 90-120min. In these experiments, isotope incorporation alone was measured and no examination of the sedimentation characteristics of the labelled RNA was carried out. It is possible that ribosomal RNA was not synthesized in any quantity under the conditions of their experiments so that any inhibition of ribosomal RNA synthesis was balanced by stimulation of the synthesis of relatively more unstable RNA.
We have observed inhibition of ribosomal RNA labelling when cultures that had been incubated with PHA for 48 hr. were incubated with puromycin, which inhibits ribosomal RNA synthesis in HeLa cells (Tamaoki & Mueller, 1963; Holland, 1963; Latham & Darnell, 1965) . The inhibition of ribosomal RNA synthesis by cycloheximide and puromycin is unlikely to be direct. These drugs might inhibit the synthesis of a specific protein needed for ribosomal RNA synthesis or stability, or inhibition of protein synthesis in general may be able to cause inhibition of the synthesis of ribosomal RNA. Tables 2 and 3 show that cycloheximide, at certain doses, stimulates the labelling of RNA of lymphocytes grown without PHA. Rubin & Cooper (1965) reported that lymphocytes grown without PHA synthesize little ribosomal RNA. We found that the sedimentation pattern after a 2hr. labelling period with [3H]uridine was heterogeneous and did not show peaks characteristic of ribosomal RNA (Fig. 2) . The sedimentation pattern and the stability of the labelled RNA were unaltered when the cells were grown in cycloheximide, but the incorporation of [3H]uridine was markedly increased.
This effect of cycloheximide could be explained in three ways. It could stimulate the preferential utilization, for RNA synthesis, of a pool of uridine to which the labelled uridine had access. Alternatively it could stimulate the rate of RNA synthesis, or it could stabilize the synthesized RNA. Bennett et al. (1964) suggested that, in epidermoid-carcinoma cells, cycloheximide might influence purine biosynthesis indirectly by inhibition of DNA synthesis, which would allow negative feedback control of nucleotide synthesis by the accumulated nucleotides. This effect is unlikely to apply to cultures of small lymphocytes, for they do not synthesize DNA (Bond, Cronkite, Fliedner & Schork, 1958) . But some other effect of cycloheximide on the choice or availability of precursors for RNA synthesis cannot be ruled out.
It is possible that cycloheximide could stabilize RNA. It increases the stability of polysomes in cell-free systems from rat liver (Wettstein, Noll & Vol. 100 821 Penman, 1964) and rabbit reticulocytes (Williamson & Schweet, 1965) . It can inhibit polysome breakdown brought about by actinomycin or ethionine in mouse liver (Trakatellis, Montjar & Axelrod, 1965) and by puromycin in reticulocytes (Colombo, Felicetti & Baglioni, 1965) . These reports suggest that cycloheximide might stabilize at least cytoplasmic messenger RNA. We found no difference in stability of RNA during an actinomycin 'chase' whether cycloheximide was present or absent during the 'chase' period (Table 5) . Further, we found that puromycin, which increases polysome breakdown in reticulocytes (Marks, Burka, Rifkind & Danon, 1963) , also caused an increase in the incorporation of [3H]uridine into RNA in cells grown without PHA. Stabilization of RNA by cycloheximide in our experiments is possible but improbable. If actinomycin itself stimulated RNA degradation, as suggested by Acs, Reich & Valanju (1963) , the interpretation of 'chase' experiments with actinomycin would be misleading. Our finding that more RNA appeared to be stable when uridine alone was used as a 'chase' material, instead of actinomycin, could be interpreted as evidence in favour of this possibility. However, the evidence is against a direct degradative effect of actinomycin and in favour of the alternative explanation that nucleotides from degraded RNA are preferentially reutilized for RNA synthesis (Levinthal, Fan, Higa & Zimmerman, 1963; Harris, 1964) .
Uridine incorporation by small lymphocytes is predominantly nuclear (Hayhoe & Quaglino, 1965; Winter & Yoffey, 1965 ) and the nuclear RNA of other mammalian cells is rapidly degraded while still in the nucleus (Harris, 1963) to materials that can be reutilized for RNA synthesis. It seems probable to us that the stimulation by cycloheximide of the incorporation of [3H]uridine is a secondary effect of inhibition of protein synthesis on the metabolism of nuclear RNA.
The stimulation of RNA labelling by cycloheximide was not observed in cultures grown without PHA for more than 24hr. before the addition of labelled compound. Cultures grown for this time may exhibit some spontaneous transformation (Sabesin, 1965) , and large phagocytic cells, di3tinguishable from blast cells, appear (Berman & Stulberg, 1962) . These large cells would be expected to synthesize RNA at a more rapid rate than small lymphocytes, and much of the RNA synthesized would be ribosomal. Under these conditions any stimulation of RNA synthesis by cycloheximide would be obscured.
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